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(57) Abstract 

The position of the normal airflow shock pattern in the airflow inlet of a supersonic aircraft jet engine assembly is detected by a light 
beam position sensor assembly (28). A narrow band coherent source light beam is angularly transmitted across the engine assembly airflow 
inlet and is angularly refracted by the normal shock pattern. A bank of light beam sensor assemblies is mounted on the airflow inlet so as 
to detect the position of the refracted light beam relative to the leading surface of the power section of the engine. Selectively adjustable 
airflow control tabs (12, 41) are mounted on the engine assembly and are opecably connected to an airflow inlet controller. The airflow 
inlet controller monitors ambient flight conditions and the location of the refracted light beam, and will selectively adjust the position of 
the airflow control tabs so as to maintain the position of the normal shock pattern at a calculated desired distance from the leading surface 
of the engine power section. 
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CONTROL OF POSITION OF SUPERSONIC INLET SHOCK 


Technical Field 

This invention relates to supersonic aircraft jet 
engine assemblies, and more particularly to a system and 
method for sensing and controlling the position of the 
normal supersonic airflow shock pattern in the air inlet 
section of the engine assembly. 

Background Art 

In order for modern jet aircraft engines to operate 
when the aircraft is traveling at supersonic speeds, the 
stream of air entering the power section of the engine 
assembly must be maintained at a target subsonic velocity 
and pressure. The target subsonic velocity and pressure 
for any particular flight mode will vary from mode to 
mode whereby it is desirable to positively control such 
target variations, in addition, changes in ambient 
flight conditions which may occur during a particular 
flight mode may result in unintentional changes in the 
subsonic airstream power section entry velocity and pres- 
sure, which unintentional changes must be corrected in 
order to maintain proper operation of the aircraft. 

When the aircraft is traveling at supersonic speeds, 
the air mass entering the aircraft engine assembly at- 
tempts to initially "be moving" at the same supersonic 
air speed as the aircraft. The engine assembly includes 
an air inlet section into which an ambient airstream 
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moves, which ambient airstream is directed- to the propul- 
sion or power section of the engine assembly. As the air 
stream enters the air inlet section, a series of shock 
patterns are created in the flowing air mass. The shock 
patterns are essentially discontinuities in air pressure, 
temperature, and density 'which occur at various angles to 
the direction of movement of the air mass into the air 
inlet section, and which are influenced by the geometry 
of the air inlet structure and the ability of the engine 
to utilize the air mass in generating thrust. These 
shock patterns will form obliquely to the path of travel 
of the air mass toward the engine power section, with the 
shock pattern most proximal to the engine power section 
being substantially normal or perpendicular to the path 
of travel of the air mass. 

As previously noted, the air mass will enter the 
engine assembly air inlet section at supersonic speeds 
which essentially match the air speed of the aircraft, 
and as the air mass moves through each of the shock pat- 
terns, the air mass velocity will diminish while its 
pressure and density increases. By the time that the air 
mass moves beyond the normal shock pattern, its velocity 
will have been reduced to a subsonic speed so that it 
enters the engine assembly power section at a subsonic 
speed. The ideal air inlet configuration will provide a 
maximum pressure and density for the air mass at the 
engine face. These ideal parameters require ideal posi- 
tioning of the shock patterns. This can be achieved 
through variation and control of the air inlet geometry. 
A critical parameter in achieving ideal pressure and 
density parameters is the distance between the normal 
shock pattern and the engine assembly power section face. 

As previously noted, variations in ambient air con- 
ditions, as well as aerial maneuvers of the aircraft at 
supersonic speeds, can cause the normal shock pattern to 
move toward or away from the power section. When this 
happens, the velocity, pressure and density. of the air 
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mass entering the power section will change unintention- 
ally. The result can be inefficient or even ineffective 
operation of the engine, if the position of the normal 
shock pattern relative to the engine power section can be 
monitored and controlled, several beneficial results will 
be obtained. First of ail, when the air mass velocity, 
pressure and density entering the power section should'be 
altered in order to produce maximum efficiency in engine 
operation for any particular supersonic flying mode, 
i.e., climbing, accelerating, cruising, decelerating, or 
the like, such alterations could be achieved by selec- 
tively causing the normal shock pattern to move toward, 
or away from the power section, as the case may be. 
secondly, when unintentional shifting of the normal shock 
pattern relative to the engine power section occurs, 
corrections could be made to maintain optimal power 'sec- 
tion air mass entry velocity, pressure and density. 

Disclosure of the Invention 

This invention relates to a method and system for 
monitoring the position of the normal shock pattern rela- 
tive to the engine power section entry, and for selec- 
tively changing the distance between the power section 
entry and the normal shock pattern by shifting the latter 
toward or away from the former.. 

The location of the normal shock pattern is detected 
and monitored by directing a light beam obliquely across 
the air inlet section of the engine assembly. The light 
beam will be refracted by the normal shock pattern as the 
light beam passes through the latter so as to bend the 
light beam. The light beam's path of travel after leav- 
ing the normal shock pattern will be rectilinear. A 
series of discrete light beam collectors are positioned 
in the air inlet section so as to be selectively impinged 
by the refracted light beam after it emerges from the 
normal shock pattern. The light collectors are connected 
to discrete photodetectors forming a part of an air inlet 


WOM/06198 PCT/nSM/09459 


2\ 


controller assembly. The controller assembly includes a 
programmed microprocessor which is preprogrammed with 
optimal normal shock pattern positions for a variety of 
flight modes, existing ambient air conditions and engine 
power settings. The photodetectors are operably connect- 
ed to the microprocessor so as to transmit signals to the 
microprocessor which specify the position of the normal 
shock pattern within the air inlet section of the engine 
assembly. 

The air inlet section is provided with angularly 
deflectable tabs or ramps which can alter certain charac- 
teristics of the flow path of the air mass moving from 
ambient surroundings into and through the air inlet sec- 
tion. These tabs can be selectively moved in such a 
manner as to alter ambient air impingement points at the 
air inlet section, and/ or to alter the air pressure with- 
in the air inlet section. Such air inlet section parame- 
ter alterations will result in changes in the locations 
of the various shock patterns, and ultimately, the loca- 
tion of the normal shock pattern relative to the power 
section entry. The tabs are actuated by pneumatic, hy- 
draulic or electrical assemblies which are operably con- 
nected to the air inlet controller microprocessor. The 
microprocessor is preprogrammed- to change tab positions 
so as to result in known positioning of the normal shock 
pattern, taking into account the existing flight condi- 
tions which are fed into the microprocessor. The micro- 
processor is connected to the tab actuating assemblies 
and is operable to transmit deflection signals to the 
actuating assemblies based on the incoming signals from 
the normal shock pattern photodetectors. When a photo- 
detector signal indicates a need to relocate the normal 
shock pattern, the controller will transmit appropriate 
tab deflecting signals so that the tabs will be reposi- 
tioned so as to move the normal shock pattern to its 
desired position within the air inlet section of the 
engine assembly. 
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It is therefore an object of this invention to pro- 
vide a system and method for detecting and monitoring the 
location of a normal shock pattern in the air inlet sec- 
tion of an engine assembly in a supersonic aircraft. 

It is a further object of this invention to provide 
a system and method of the character described which can 
selectively control the location of the normal shock 
pattern within the air inlet section. 

It is an additional object of this invention to 
provide a system and method of the character described 
which monitors existing ambient flight conditions and 
positions the normal shock pattern location to conform to 
a target position preferred for the existing flight con- 
ditions . 

It is another object of this invention to provide a 
system and method of the character described which de- 
tects unintentional movement of the normal shock pattern 
away from its target position, and which is operable to 
take corrective action to relocate the normal shock pat- 
tern to its target position. 

These and other objects and advantages of this in- 
vention will be more readily apparent from the following 
detailed description of a preferred embodiment of the 
invention when taken in conjunction with the accompanying 
drawings, in which: 

Brief Description of the Drawings 

FIG.- 1 is a fragmented sectional view of the air 
inlet section and the leading portion of the power sec- 
tion of a supersonic jet engine assembly formed in accor- 
dance with this invention; 

FIG. 2 is a schematic side elevational view of the 
light beam emitter assembly of FIG. 1; 

FIG. 3 is a schematic side elevational view of one 
of the light beam gathering or collecting assemblies of 
FIG. 1; 
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FIG. 4 is a system diagram illustrating the mode of 
operation of the air inlet controller; and 

FIG. 5 is a schematic circuit diagram showing the 
manner in which the controller interacts with the tab 
5 position controls. 

Best Mode For Carrying Out The Invention 

Referring now to the drawings, there is shown in 
FIG. 1 a preferred embodiment of a supersonic aircraft 
engine assembly denoted generally by the numeral 2, which 

10 engine assembly has the normal shock pattern sensing and 

control system of this invention incorporated therein. 
The engine assembly 2 has an air inlet section 4 and a 
power section 6. As the aircraft moves through the ambi- 
ent air mass at supersonic air speeds, which, for example 

15 would be on the order of Mach 2.4 at cruising mode, the 
oncoming airstream moves in the direction of the arrow A 
into the mouth of the air. inlet section 4 at a velocity 
of Mach 2.4. The oncoming airstream impinging on the air 
inlet surface 8 creates an initial oblique shock pattern 

20 10 which extends from the inlet surface 8 to the leading 
edge of an inlet tab or ramp 12 in the air inlet section 
4. The ramp 12 is pivotally mounted on the air inlet 
section 4 via a hinge 14 so that its pitch relative to 
the oncoming airstream can be controllably altered. A 

25 second oblique shock pattern 16 results from the oncoming 
airstream impinging, the leading edge 13 of the ramp 12; 
and the third shock pattern 18 which is normal to the 
direction of flow of the oncoming airstream, forms within 
the air inlet section 4. The shock pattern 18 is re- 

30 f erred to herein as the "normal shock pattern". As pre- 
viously noted, when the oncoming stream of air passes 
through each shock pattern 10, 16 and 18, the airstream 
velocity will be diminished. Thus, if the ambient air 
enters the air. inlet section 4 at a speed of Mach 2.4, 

35 after passing through the normal shock pattern, its speed 
may be lowered to Mach 0.7, which is a typical desired 
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velocity for the airstream entering the power section 6 
of the engine assembly 2. 

The velocity, pressure and density of the airstream 
entering the power section 6 is dependent on the actual 
5 distance between the normal shock pattern 18 and the 

leading edge 7 of the engine power section 6. As previ- 
ously noted , the location of the normal shock pattern 18 
may unintentionally change due to changes in ambient 
flying conditions, aircraft maneuvering, or the like. 

10 When this happens, the velocity, pressure and density of 
the airstream entering the engine power section 6 will 
also change. Such unintentional power section incoming 
airstream velocity, pressure and density changes may 
result in inefficient or even failure of operation of the 

15 power section 6. On the other hand* when intentional 

changes in the mode of flight of the aircraft are made, 
it may be desirable, or necessary to intentionally change 
the location of the normal shock pattern 18 to move to- 
ward or away from the face 7 of the power section. 

20 It is apparent that either intentional or uhinten- a 

tional movement of the normal shock pattern 18 must first 
be detected before anything can be accomplished. In the 
instant invention, detection of the position of the nor- 
mal shock pattern 18 is achieved with a light beam. The 

25 light beam emanates from a light source 20 which is 

mounted in a side wall of the air inlet section 4. A 
preferred form of light source 20 is shown in FIG. 2 and 
includes a single mode narrow frequency emitter such as a 
laser diode 22. The emitter 22 preferably has a colli- 

30 mating lens 24 which creates a narrow parallel ray colli- 
mated light beam 26. The light beam 26 is directed ob- 
liquely across the air inlet section 4 toward the desired 
location of the normal shock pattern 18. The air density 
changes across the shock pattern 18 will refract and bend 

35 the light beam to the path 27. A bank 28 of discrete 

light collectors 3 0 is disposed on the side of the air 
inlet 4 opposite the emitter 20 and downstream of the 
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normal shock pattern 18, FIG. 3 shows details of one of 
the light collectors 30. Each collector 30 is formed 
from a transparent light transmitting material , and may 
be formed with a plurality of convex "lenselets" 32 which 
5 receive the rays in the light beam 22 and selectively 

refract and concentrate them into a fiber optic light 
pipe 34. The light piping fibers 34 are bundled in a 
harness 36 which runs to an air inlet controller 38. The 
controller 38 includes a preprogrammed microprocessor 

10 which will be explaihed in greater detail hereinafter. 
The individual light pipe fibers 34 are connected to 
discrete photodetectors 40 which in turn are operably 
connected to the controller microprocessor. The photo- 
detectors 40 transmit signals to the microprocessor which 

15 are indicative of the location of the normal shock pat- 
tern 18 relative to the engine power section 6. 

in FIG. 1, the broken line 18 ' denotes a second 
possible position of the normal shock pattern. This 
second position could occur unintentionally , or it could 

20 be the result of airflow manipulation, as will be des- 
cribed hereinafter. In either case, the beam 26 will be 
refracted when it passes through the shock pattern 18' to 
the path 26'. The light provided by altered beam path 
26 ' will be collected by another one of the collectors 30 

25 in the bank 28 thereof. In the latter case, the gathered 
light will be piped to a different one of the photo- 
detectors 40 which will transmit a differentiated signal 
to the controller microprocessor which will indicate the 
different position 18 ' of the normal shock pattern. As 

30 noted, the different position of the normal shock pattern 
18' can be unintentional, or could be intentionally cre- 
ated as follows. 

Assume that extant flight conditions and flight mode 
dictate that the normal shock pattern should be moved 

35 from position .18 to position 18 9 for most efficient oper- 
ation of the engine power section 6. Cockpit or other 
aircraft controls will signal the air inlet* controller 38 
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that the change should be made whereupon the air inlet 
controller 38 will cause the ramp 12 to pivot about hinge 
14 to position 12 ' (shown in phantom) thereby moving the 
impingement surface 13 to position 13'. This will cause 
the first oblique shock pattern 10 to shift to the posi- 
tion shown by the broken line 10'. At the same time, the 
second oblique shock pattern 16 will shift to the posi- 
tion represented by the broken line 16'.. The aforesaid 
shifting of the first and second oblique shock patterns 
will result in a shifting of the normal shock pattern 
away from the power section 6 to the position represented 
by the broken line 18'. The shift of the normal shock 
pattern's position increases the distance between the 
normal shock pattern and the leading edge 7 of the engine 
power section 6 from X to X' . This, shock pattern shift 
will change the entry velocity , pressure and density of 
the airstream flowing into the power section 6. It 
should be noted that in relatively normal ambient flight 
conditions , reducing the air inlet area will tend to move 
the normal shock pattern away from the power section* 

The airstream flow control system may also include 
airstream bleed tabs such as the airstream bypass door 40 
which is pivotally mounted on hinge 42. The bypass door 
40 can be selectively manipulated by the controller 38 so 
as to bleed air from the air inlet section 4 along the 
airflow path defined by the arrow B so as to increase or 
decrease air pressure , and the airstream velocity between 
the normal shock pattern and the engine power section 6. 
Air pressure and airflow velocity variations created by 
the bleed door 41 will cause the normal shock pattern to 
move from an existing position to a desired position, 
either closer to or farther from the power section 6. 

Referring now to FIGS. 4 and 5, the manner of .opera- 
tion of the air inlet controller microprocessor software; 
and the circuitry for controlling tab deflections are 
illustrated. FIG. 4 illustrates the preferred manner of 
operation of the air inlet controller 38. 
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In FIG. 4, the symbols in the drawing* are as fol- 
lows: 

"M#" refers to the incoming ambient airstream Mach 
number; 

5 "Pitch" refers to the aircraft or wing pitch, or 

angle of attack relative to the oncoming air 
mass; 

"X" is the actual distance between the normal shock 
pattern and the leading edge of the power 
10 section; 

"X desired" is the desired distance between the 

normal shock pattern and the leading edge of 
the power section; 
"Xe" is the difference between "X" and "X desired"; 
15 "Ai" is the pitch angle of the- inlet ramp; 

,,a bd" is the pitch angle of the bypass door; and 
"AX" is the change in the distance "X". 
FIG. 4 indicates that the air inlet controller 38 
receives continuous ambient flight parameters such as: 
20 Mach speed; aircraft pitch; aircraft altitude; and ambi- 
ent air temperature. All of these ambient flight parame- 
ters will affect the existing location of the normal 
shock pattern within the air inlet section. The air 
inlet controller 38, taking into account the incoming 
25 . ambient flight conditions, establishes "X desired" and 
compares "X desired" to the extant "X" distance. This 
comparison establishes the difference "Xe" between "X" 
and "X desired". The controller 38 then looks at the 
change in "Ai" and the change in "A BD " needed to achieve 
30 "X desired", taking into account the sensed ambient 

flight conditions, i.e., the "inlet aerodynamic charac- 
teristics". The "AX" (change in the normal shock pattern 
location, if any) is thus determined, and the controller 
38 then takes appropriate action to make the necessary 
35 corrections. The monitoring of normal shock pattern 

location, and comparison thereof to the desired normal 
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shock pattern location is continuous, and any necessary 
alterations of airflow parameters are performed. 

Referring to FIG. 5, a schematic circuit diagram of 
the tab deflection system is shown. The ramp 12 is se- 
lectively pivoted by an actuator 50 operably connected to 
the air inlet controller 38. The bypass door 41 is se- 
lectively pivoted by an actuator 52 which is also opera- 
bly connected to the controller 38. The actuators so and 
52 are reversible so as to be able to pivot the ramp 12 
and door 41 in both the clockwise and counter clockwise 
directions about the hinges 14 and 42, respectively. 

It will be readily appreciated that the system of 
this invention can sense, monitor and control the posi- 
tion of the incoming airflow normal shock pattern in a 
supersonic aircraft jet engine assembly, thereby control- 
ling the entering airflow speed of the airstream into the 
power section of the engine. The normal shock pattern 
position can be altered by intentionally changing the 
geometry of the air inlet section of the engine assembly. 
Optimum engine operation can therefore be obtained. 

Since many changes and variations of the disclosed 
embodiment of the invention may be made without departing 
from the inventive concept, it is not intended to limit 
the invention otherwise than as required by the appended 
claims. 
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CLAIMS 

1. An aircraft jet engine comprising: 

a) a power section (6) for utilizing ambient 
airflow to create thrust; 

b) an air inlet section (4) which receives 
an ambient airstream (A) and directs the airstream to 
said power section(6); and 

c) means for determining the location of a 
shock pattern (18) in the airstream within said air 
inlet section when the aircraft is in supersonic flight, 
said means comprising an energy emitter (20) for 
directing an energy beam (26) across said air inlet 
section whose path of travel is governed by the location 
of the shock pattern within said air inlet section; 

characterized in that 

said energy emitter (20) is a light emitter 
which projects a parallel ray light beam whose path of 
travel (26) will be refracted (27) by the shock pattern 
(18). 
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2. The jet engine assembly of claim 3 
wherein said light emitter (20) is a single mode narrow 
frequency laser diode. 

3. The jet engine assembly of claim 1 or 2 
further comprising sensor means (28>30) operable to 
detect deviations (27) in the path of travel of the 
energy beam (26) caused by variations in the location of 
the shock pattern ( 18 ) within said air inlet section 
(4). 

4. The jet engine assembly of claim 3 
further comprising means (12,38,50,41,52) operable to 
change the geometry of said air inlet section (4) so as 
to alter the position of the shock pattern (18) within 
the air inlet section (4). 

5. The jet engine assembly of claim 4 
wherein said means (12,38,50,41,52) operable comprises 
movable powered tabs (12,41) in said air inlet section, 

6. The jet engine assembly of claim 7 
further comprising air inlet controller means 
(12,38,50,41,52) operably connected to said sensor means 
(28,30) for receiving shock pattern actual position- 
indicating signals from said sensor means, and operably 
connected to said powered tabs (12,41) for controlling 
the position of said powered tabs in a manner at least 
partially dependent upon said shock pattern position- 
indicating signals. 
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wherein 


7. The jet engine assembly of claim 6, 
said air inlet controller means 


(21, 12,38, 50,41,52) are operably connected to said 
sensor means (28,30) for receiving actual normal shock 
pattern position-indicating signals from said sensor 
means, and operably connected to said powered movable 
tab (12,41) for selectively causing air inlet geometry- 
altering movement of said tab means, said controller 
means being operable to selectively move said tab means 
in response to signals from said sensor means which 
indicate actual positioning of the normal shock pattern 
away from a controller-desired position so as to move 
the normal shock pattern toward the controller-desired 
position. 
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8. The jet engine assembly of claim 7 
wherein said air inlet controller means (12,38,50,41,52) 
is operable to continuously derive the control ler- 
•desired position of the normal shock pattern from 
contemporaneous aircraft condition-indicating signals 
including: flight mode; Mach number; pitch; altitude; 
ambient temperature; cockpit; and other aircraft control 
signals . 

9. A method of controlling the position of 
the normal shock pattern (18) in an aircraft jet engine 
air inlet section (4) when the aircraft is in supersonic 
flight, said method comprising the steps of: 

a) determining a desired position for a 
shock pattern within the air inlet section (4); and 

b) directing a light beam (26) to said 
desired position from a first side thereof; 

characterized by the steps of: 

c) sensing the location of said light beam 
(27) on an opposite side of said desired position to 
derive the actual position of said shock pattern (18) in 
said air inlet section (4); 

d) comparing said desired position with said 
actual position to identify deviations from said desired 
position; and 

e) providing an air inlet section geometry 
which will eliminate any identified deviations of the 
position of said shock pattern. 

10. The method of claim 9 wherein said light 
beam (26) is a single mode narrow frequency light beam. 

11. The method of claim 10 wherein said 
light beam (26) is a laser light beam. 
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12. The method of anyone of the claims 9 to 
11 wherein the air inlet section geometry is varied to 
cause said shock pattern to move to said desired 
position. 

13. The method of claim 12 wherein the air 
inlet section geometry is varied by selectively moving 
air flow deflection tabs (12,41) within said air inlet 
section (4). 
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